O ~LY a few investigators have attempted a visual study of the mechanisms of concussion or motion of the brain during impact. Gurdjian and Lissner a photographed a two-dimensional plastic model of a sagittal section of the human head filled with birefringent fluid to demonstrate the presence of shear strains during impact, particularly in the region of the brain stem. Pudenz and Shelden 4 photographed the motion of the brain surface of a dog when it was hit on the head, using a clear plastic cap in the skull. Edberg et aU used a clear plastic skull model filled with gelatin to study stress patterns in the gelatin by means of polarized light and high speed photography.
'Stop motion' x-ray equipment is now available which permits pcnetration of such dense media as the skull of an aifimal in extremely short exposure times. We have applied this flash x-ray technique to the study of skull deformation and relative motion or displacement of the brain during the moment of impact of a bhmt blow to the head. Using intravascular contrast media or lead tags embedded in the brain and brain stem, distortions occurring at various instants during impact ean be re('orded with x-ray exposures in the order of nano seconds (10 -9 sec.). This technique appears to provide a means for extending our existing knowledge of the mechanisms of concussion.
Method
A Fexitrou pulsed x-ray system was used in the experiments. The instrument stores energy in capacitors which then discharge rapidly through vacuum arc x-ray tubes. High electron current density in the tube on the order of 10 4 to 16 ~ amps/ sq. cm. permits penetration of experimental ant- real or truman cadaver skulls for microsecond exposure times. We used both intravascular contrast media and lead tags to display x-ray evidence of brain distortion and displacement during impact to the head of anesthetized experimental animals. The lead tag method has been most interesting and we will limit our discussion to this technique. The tags were cut from fine solder in lengths of 0.1 inch aml loaded end to end into a No. 17 hypodermic needle. The needle was inserted through a hole in the skull and into the brain and then withdrawn onto a mandril, leaving the lead tags in the brain.
The animal was placed so that the left side of the head rested on the casette holding the film; the nlandible was taped against an immovable steel block. A static reference x-ray was then taken in this position. The neck was flexed, extended, and twisted, and then put back into position, after which a static x-ray was repeated to determine the effects of manipulation. The head was then struck on the sagittal crest through a .1~5 inch hard rubber pad, using a 1~ lb. striker ~2.63 inctws in diameter and traveling at a rate of 18.~2 ft./'sec. (6~2 ft. lbs.).
The skull was irradiated during impact by means of an "event" switch operated by the striker at impact and a pulser delay time circuit incorporated into the x-ray machine. The "event" switch was adjusted to operate at the point of maximum manual compression of the head by the striker, and the pulser firing signal was delayed an additional 10 milliseconds. These procedures were intended to achieve irradiation near maxinmm colnpression of the skull. Eventually, closer control over the exact time of irradiation may be achieved by triggering the pulser with the striker or head accelero-meter signal which then must be amplified an(l shaped to the required 30 volts square pulse.
Results
This paper is based on 7 animal experiments. Deformation of the skull at the time of impact is well shown (Figs. 3 and 4) and movements of the brain during impact are shown in the x-rays taken before, during, and after impact. It is also evident that the tissues undergo elastic deformation during impact but return to pre-impaet position following the blow. Fig. 1 is a static x-ray taken before the experiment. Three lines of lead tags in the brain of the live, anesthetized dog are clearly shown, 1 extending across the foramen magnum, another extending from the foramen magnum forward, and a 3rd extending from the sagittal crest down to the base of the brain. The few stray tags shown are probably floating about in spinal fluid or under incisions. Fig. s is an x-ray of the same animal after flexing, extending, and twisting the neck. The change in skull outline between Fig. 1 and Fig. ~ indicates a slightly different position of the head for the ~ exposures. Fig. 3 is a flash x-ray of the skull in the same position during impact. The head has been tipped back because of the eccentricity of the forces acting on the head, due to the blow by the striker to the sagittal crest and the restraint under the mandible and at the neck. Distortion of the sinus cavity as well as the lines of lead tags across the brain are clearly shown. The curved shape taken by the line of lead tags across the foramen magnum
